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1. Brief Cutline of the Proposed Model

In Technical Report No. 12 by D.D. Foster the problem of
the electric current {low in & semi-infinite conducting strip
with a socurce and sink at one edge was solved for the dc case.
These results were used subsequently as a guide for predicting
the orders of magnitude of the electromagnetic fields around two

bare linear elecctrodes placed in seca water.

In an attempt Lo extend the results to a 30 cycle/sec ac
frequency M.S. Steinberg, who was an Assistant in Research at
ESL from 15 Sent. 1952 - 31 Oct. 1953, set up a theoretical
transmission line model for the electrode configuration used
in the experimental tests at Beavertail. On the basis of the
theoretical model Steinberg developed equations for the magnetic
Tield; hcwever, numerical results were not obtained by Steinberg
bLecause the questionable status of the valldity of the model did
not seem to warrant the considerable effort required to perform

the numerical integrations.

A cketch 1s given on the next page of the plan view of
the configuration used in the transmission line model to ap-
proximate the actual experimental arrangement. The system
was assumed to rest on the bottom beneath 10 meters of sea

water.
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The magnetic field was considered to arise from three

¢ifferent current distributions:

(a) Current in the insulated input leads. The current
should have nearly the same amplitude and phase
throughout the entire length of the input leads
because of the low attenuation along the insulated

wire.

(b) Current ir the bare electrodes. The amplitude of
this currcent should decrease with increasing distance
from the input end. The voltage and current distri-
bution along the bare line was determined from the

standard transmission line equations.

(c) Current ir. the sea water. The instantaneous current
distribution was assumed to be such that the current
flow was at all times perpendicular to the bare

electrodes. The de¢ theory was assumed adequate to
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give the instantaneous current between two points
on opposite sides of the line (e.g. points A and

B in the sketch) 1in terms of the instantaneous

voltage between these two points. These assump-
tions are consistent with the use of the transe
mission line cquetions to give the current distri-
bution along the bare electrodes as mentioned in

(v).

Cn the basis of the above model a frequency of 30 cycles/sec

rives a wave length along the line of about 1100 meters. The

damping ¢f the wave is considerable; the voltage and current
amplitudes at the far end of the line are only about .08 of
whe amplitude at the input end.

2. ?iscg;g;gg&of the Aggumptions Used in the Transmigsion line
Mode

Several objections can be made against applying the trans-

missior line equations to the situation under discussion. The

following objections will be discussed:

(1) The speed of a wave in sea water is so slow that the
separation of the lines may be a non.-negligible frace
tion of the wave length of a 30 cycle/sec signal
propagated from one line across to the other. More
technically, the "near 2one condition' may not be
satisfied (see page 80 in King, Mimno, and Wing,

-aremission Lines, Antennas and Wave Guides).
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(2) The model neglected the terminal impedance of the

line and neglected the reflected wave.

(3) The current in the sea water was assumed to flow
perpendicular ©o the line. However, the short wave
length predicted by the transmission line equations
implies that the variation of potential along the line
is nearly as great as that between two points opposite
each other on the two lines (points A and B for example).
Thercefore one would expect a considerable fraction of
the cuirrent flow to be between two points on the same

line as w2l1]l as from one line to the other.

Ot jectien (1) is not serious because the signal velocity
for a wave in shallowv water is much greater then for a wave in
the correspcnding infinite three~dimensional medium. The time
required for a signal at one point on the bottom to reach another
roint on the bottom is given by the time required for the signal
to go to the surface at the speed characteristic of the sea water,
travel through the air at the speed characteristic of the air
(this speed being much greater than for the sea water), and then
%0 travel frem the surface straight doun to the point on the
bottom. Thus, in the model the time lag is given essentially
by the time required for the wave to traverse 20 meters of water
ingtead c¢f the 200 meters separating the lines.

The attenuation of the wave along the line is so great

that the neglect of the terminating impadance should be of little
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importance. The vol:itge and current amplitudes drop off so
crapidly with distance that the nature of the transmission line
in regions not rear to the input end could have only a secondary

Bff'BCt.

Lowever, Objection (3] is valid and is of extreme importance,
10t only beczuse it casts doubt on the procedure for obtaining
che instentareous current distribution in the sea water, but also
d>ecaud: it peints out an essential flaw in the use of the trans-
1issiosr line equations to obtain the current and voltage distri-
sution in the lines. The use of the concepts of inductance,
capacitance, anc conductarce per unit length of transmission line
remains leogivimete only under conditions where the wave length
along the line is larpe compared to the separation of the lines,
2ven if the "neer zone condition™ is satisfied. Otherwise the
velcags variaticn along the line introduces large modifying
affects vhich cre negieccted completely in the transmission line

approach to vave pronagation.

3. DNumerical Check oif the Transmission line Model

- .

The rirorous procedure for solving for the field distribu-
tion would be to treit the problem by antenna theory. Antenna
theory is very unwieldy for the comparatively simple ordinary
situations; the present problem would be more intractatle
because even the basic theory of radiation in a conducting slab
is larpely undeveloped. Some work has teen done on the electro-

nagnetic Tiecld emitted by & radiating dipole located in a con-
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ducting half space. (Sece BaTos and Wesley, The Horizontal

Electric Dipele in_a Conducting Half Space, Scripps Institu~

tion of Oceanography, Reference 53-33, September 1953, for

& comprzhensive summary of the present status of this radia-
tion problem.) Apprcximate results are available for the field
gt very large distances from the dipole, and also for the field
at points close to the dipole compared with a wave length. The
region of interest in the configuration under consideration is
of the order of one wave length from the radiatinz source so

neither approximatior 1s applicable.

The difficulty in obtaining quantitative results by a
rigorous theory places some importance on the question as to
whether the transmigsion line model, in spite of its shorte
comings, ylelds results of semi-quantitative validity. Some of
the exparmental data obtained at Beavertail could be checked
against the results predicted by the model without performing
all the numerical integrations required for the total solution.

How this was done ic described in the following paragraph.

According to tle model the horizontal compoaent of the
magnetic field perpendicular to the lines should have no contri-
bution from the current distributed throughout the sea water.

The values of this ccmponent at the surface of the water at
points P; and Py (refer to the sketch) were calculated by numer-
ical integration of the appropriate equations developed by Stein-

berg,. The amplitude of the current in the input leads enters
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#4s a parameter in the results and is not known definitely {rom
the available experimental data. However, a value of this
parameter was selected so as to give agreement between the
theoretical and the experimental values of the magnetic field
at the point Py. Substitution c¢f the same parametric value in

the expression for the field at P, gave a theoretical result

which was a factor of about 7 larger than that obtained experi-
nentally. This large discrepancy, although not at all con-
i clusive, indicates that the model is not useful even for semi-

quantitative purposes.

Potkun, §. Goetls

Arthur A. Evett
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